Kidney cancer is one of the most common malignancies affecting adults, accounting for 4% of all malignancies.[@ref1] Hypertension, diabetes mellitus, cigarette smoking, and obesity are risk factors for the disease. Men are more commonly diagnosed than women, at a ratio of 2:1. The incidence increases with age and most people are diagnosed between the ages of 55 and 74 years. Survival increases with early diagnosis of localized disease.[@ref2] Among the histological variants, clear cell is the most common (70%), followed by papillary (10% to 15%) and chromophobe (5%).[@ref3] Kidney cancer is often detected incidentally during routine imaging for other causes rather than presenting symptomatically. Surgical management is the mainstay of curative treatment. With increasing morbidity, nephron sparing and minimally invasive procedures have emerged as treatment options that are associated with lower morbidity and improved mortality.[@ref4]

In Saudi Arabia, detailed and up-to-date epidemiological data are lacking in kidney cancer.The latest cancer registry report in 2013 showed that kidney cancer has an age-standardized rate (ASR) of 2.4/100,000, accounting for 2.3% of all cancers. The incidence has increased by 33%, with most cases presenting late in the disease course. However, there are currently no national cancer control programs aimed at early detection and prevention.[@ref5]

In this study, we aimed to investigate the epidemiology and risk factors of kidney cancer in a single tertiary center in Riyadh, Saudi Arabia, over a period of 25 years. We analyzed the mode of presentation, associated risk factors, histological variants, disease recurrence and mortality, hoping to obtain a better understanding of the disease.

Methods {#sec1-2}
=======

After obtaining the necessary approval from the Institutional Review Board, this retrospective study was conducted at King Abdulaziz Medical City (KAMC) in Riyadh, Saudi Arabia. All adult patients (aged \>18 years), with primary kidney cancer who presented and were managed between 1990 and 2015 were included. Diagnosis was based on computed tomography (CT) scans and pathology reports. Variables studied included demographics (age, year of presentation, gender), risk factors (hypertension, diabetes, obesity, smoking), mode of presentation (incidental, symptomatic), pathological stage and grade, type of surgical management (open radical nephrectomy, open partial nephrectomy, laparoscopic radical nephrectomy, laparoscopic partial nephrectomy, robotic), and prognosis (mortality, recurrence). Histopathology type and grading were determined on the basis of pathology reports. If pathological staging was not available, clinical stage was used. Recurrence was defined as any recurring tumor that was detected after completion of treatment of the primary tumor. Data were split into 5 cohorts according to the date of presentation: Cohort 1 (January 1, 1990 to December 31, 1994), Cohort 2 (January 1, 1995 to December 31, 1999), Cohort 3 (January 1, 2000 to December 31, 2004), Cohort 4 (January 1, 2005 to December 31, 2010), and Cohort 5 (January 1, 2011 to December 31, 20015).

Data were analyzed using IBM-SPSS software (version 23.0). Categorical variables were represented by frequencies and percentages. Variables were analyzed and compared using chi-squared and t-tests. P\<0.05 was considered to indicate statistical significance. Trends in kidney cancer from 1990 to 2015 and forecasting of the incidence over the next 5 years (2016-2020) were analyzed using Minitab version 17.

Results {#sec1-3}
=======

In total, 371 patients met the inclusion criteria defined as adult patients (aged \>18 years), with primary kidney cancer who presented and were managed between 1990 and 2015. The demographic data of the included patients are presented in **[Table 1](#T1){ref-type="table"}**. The majority of the patients are male (61%) and 31% were aged \>65 years. Most patients were either overweight (30.1%) or obese (42.1%). Hypertension was the most common comorbidity among this patient population followed by diabetes, dyslipidemia and smoking. Incidental presentation was more common than symptomatic presentation (55.8% versus 44.2%).

###### 

Demographics and baseline characteristics of 371 adult patients (aged \>18 years), with primary kidney cancer who presented and were managed between 1990 and 2015.

![](SaudiMedJ-39-459-g001)

**[Table 2](#T2){ref-type="table"}** shows a comparison of the 5 cohorts, each representing a 5-year duration during the period from 1990 to 2015. There was significant difference between the number of male and female patients in each cohort (*p*=0.786), although the majority were males in all groups. The incidence of smoking, hypertension and diabetes increased significantly across the 5 cohorts (*p*\<0.0001, *p*=0.001, and *p*=0.005). Based on the trends in these data, as well as the observed incidence of obesity and dyslipidemia, we predicted that 172 new cases will present at our tertiary care center in the 5 years from 2016 to 2020 (**[Figure 1](#F1){ref-type="fig"}**).

###### 

Comparison of 5 groups, each representing a 5-year period from 1990-2015.
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![Time series decomposition plot for frequency. Trend in the incidence of kidney cancer from 1990 to 2015 and a forecast for the period from 2016 to 2020 (fitted trend equation Yt = -2.91 + 1.286×t). Yt - fitted trend t](SaudiMedJ-39-459-g003){#F1}

A significantly greater proportion of patients in cohort 5 were diagnosed at an earlier stage in comparison to those in the other cohorts (*p*\<0.0001). Clear cell carcinoma was the most common pathology type with no significant difference found between the cohorts. Minimally invasive surgery (laparoscopic and robotic) was significantly more common type of surgery in Cohorts 4 and 5 compared to the rates in the earlier groups (*p*\<0.0001). There was a significant decrease in mortality across the cohorts (*p*\<0.0001) and no significant difference in the recurrence rates was observed (**Figures [2](#F2){ref-type="fig"} & [3](#F3){ref-type="fig"}**).
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Discussion {#sec1-4}
==========

Our study is the largest local study of the epidemiology of kidney cancer and the associated risk factors in Saudi Arabia. We observed an increasing trend in the incidence of kidney cancer at our tertiary care center during the 25-year period from 1990 and 2015, which was in accordance with our previously published data.[@ref6] Similar trends have been observed in studies in North America, Europe, and Asia.[@ref7],[@ref8] This trend may be linked to the increased incidence of hypertension, obesity, and smoking in Saudi Arabia.[@ref9],[@ref10] In addition, the increased use of imaging also correlates with the rise in the incidental detection of renal masses.[@ref11],[@ref12]

Our study revealed a rising trend in the incidental diagnosis of renal masses at an earlier stage of the disease. This correlates with most of the recently reported data. In a meta-analysis by Rossi et al,[@ref13] 84.4% of incidental presentations were either Stage 1 or Stage 2. An increase in the use of minimally invasive surgery in the last decade and a decrease in mortality rates are also consistent with most of the published data. A meta-analysis of the use of laparoscopic procedures showed that this type of surgery was associated with a decrease in overall mortality although there was no change in disease recurrence.[@ref14]

Alarmingly, our study shows an increase in the incidence of smoking, hypertension and diabetes mellitus in parallel with the increase in the incidental diagnosis of kidney cancer. Smoking is a well-established independent risk factor for kidney cancer that is dose-dependent and associated with an advanced stage at diagnosis.[@ref15] Also, people with hypertension are twice as likely to have kidney cancer than normotensive individuals.[@ref16] The role of diabetes as a risk factor for kidney cancer has been a matter of controversy,[@ref17] although more recent evidence indicates that it is a significant risk factor.[@ref18] In this study, we noted a significant increase in the incidence of diabetes among patients with kidney cancer.

The mean age at diagnosis was 57.1 (±standard deviation (SD) 13.8) years across all 5 cohorts. This is in accordance with the information obtained from the Saudi Cancer Registry, which reports a mean age of 56 years for males and 49 years for females.[@ref19] In addition, clear cell carcinoma remains the most common pathology in all the cohorts followed by papillary in most of the cohorts. These data are consistent with worldwide prevalence.[@ref7]

Obesity has been linked as a risk factor for kidney cancer in a large cohort study conducted in the United States.[@ref20] In our study, obesity data were available only for Cohort 5, in which 42.3% of the patients were obese and 30.1% were overweight. These data indicate that most of the kidney cancer patients had an abnormally high BMI and provides supports for a link between a high BMI and kidney cancer.

Dyslipidemia, another risk factor that was examined only in Cohort 5, was identified in 39.1% of patients. The role of dyslipidemia as a risk factor for kidney cancer is unclear and has been suggested by many studies. A study by Zhang et al[@ref21] in China showed that high low-density lipoprotein (LDL) levels were frequent among kidney cancer patients and most common in those with clear cell kidney cancer.

The mean time for recurrence was 47.9 months and the median was 59.7 months. The mean for mortality was 60.8 months. Furthermore, the number of cases diagnosed in Cohort 5 was 6 times greater than that in Cohort 1, illustrating an alarming rise in the incidence of kidney cancer in Saudi Arabia. These results need to be confirmed in population-based studies that should lead to better planning and implementation of awareness and prevention programs designed to minimize the effects of modifiable risk factors associated with kidney cancer. In Europe, a decrease in the incidence of kidney cancer in the 1990s was linked to the decrease in smoking prevalence.[@ref22] A community-based study in Saudi Arabia showed that the prevalence of smoking in some regions in Saudi Arabia was as high as 91.9% and having fun was one of the motives for smoking.[@ref23] This emphasizes the lack of knowledge about the harm associated with tobacco smoking.

Study limitations {#sec2-1}
-----------------

First, this study is subject to the inherent limitations of a retrospective study design. Second, the study was conducted in a single tertiary care center in Saudi Arabia, which could represent a referral bias. Third, the influence of genetics on kidney cancer was not addressed.

In conclusion, our study shows an increasing trend in the prevalence of kidney cancer in a subset of the Saudi population; this is associated with an alarming increase in the prevalence of hypertension, smoking and diabetes mellitus. Population-based studies are required to confirm our findings, and resources should be directed toward improving awareness, prevention and early detection of kidney cancer.
